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Examples of Molten Salt Reactor (MSR) Designs being Developed by Industry
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MSR Operating Conditions

- Relative to PWR, MSR’s operate at lower pressure, higher temperature, and in very different
coolant (Max dose is approximate)
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MSR Systems Have Many Different Design Characteristics Leading to

Different Materials Challenges
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Results of Corrosion Experiments in Molten Fluoride and Chloride Salts
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Corrosion rates are highly
varying because of the
variety of conditions,
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Corrosion in Molten Chloride Salts Differs from Other Reactor Coolants
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MSR Component Doses Can Range From Less Than One to 25 DPA
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Potential for irradiation damage of MSR materials must be assessed
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Limited ASME Nuclear Code Approved Materials for MSRs

« ASME Section Illl, Division 5, Class A structural materials
304H and 316H (stainless steels, 815C, 300,000 h)
Alloy 800H (high alloy, 760C, 300,000 h)
2.25Cr-1Mo (ferritic, 300,000 h)
Modified 9Cr-1Mo (ferritic-martensitic, 650C, 300,000 h)

- Extensions of these 5 materials to 500,000-hour design lives are being
pursued by ASME code committees
One to two years to complete

* New Division 5, Class A Code Case for Alloy 617 (954C, 100,000 h)

* These Class A materials are not optimum for MSR structural applications
due to the extreme environments of high temperatures, corrosive salts, and
neutron irradiation (including fission products)
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Technical Gap Assessment

ORNL/SPR-2019/1089
Sponsor Technical Letter Report
Task Order: NRC-HQ-25-17-0001

Technical Gap Assessment for Materials

and Component Integrity Issues for TeChnllcaI Gap Assessment For .
sl st Materials And Component Integrity
Issues For Molten Salt Reactors

US NRC ADAMS Public Documents
Accession Number: ML19077A137

March 2019

Divisicn of Safery Systeess, Risk Assesanent, aad Advanced Reactors
2 LUSNR( Officn of New Raactors
Divisice of Engineerng
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NEUP Structural Materials Research

« Supports long-term needs for MSR structural materials

« Awards on developing the next generation MSR structural materials
for applications in fluoride-based MSRs were made in FY18 and
FY19
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FY20 Call: Innovative New Structural Materials for Molten Chloride Salt Fast

Reactor Applications

 Proposals are sought to develop high performance new metallic alloy(s)
that can be used for welded construction of structural components of
molten chloride salt fast reactors using liquid fuel

 Non-metallic materials are not within the scope of this call

« Characteristics of the new metallic alloy(s) to be considered include, but
are not limited to:
— High temperature strength up to 900 to 950C
— Long-term thermal stability
— Chloride-based salt/fuel salt compatibility
— Irradiation damage resistance
— Resistance to possible fission or transmutation product embrittlement
— Tensile and creep ductility
— Fabricability and weldability
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Project Scope (Cont’d)

* Innovative concepts are highly encouraged, for example,

— Exploiting nano-scale interfaces within the alloy to trap defects and possible
transmutation products

— Applying novel, high-value experiments with integrated computation materials
engineering (ICME) for the development and testing of new metallic alloy(s)

 While not required, interaction with MSR designers on their system
requirements is highly encouraged
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